Abstract. In this letter we apply the methods of our previous paper hep-th/0108045 to noncommutative fermions. We show that the fermions form a spin-1 2 representation of the Lorentz algebra. The covariant splitting of the conformal transformations into a fielddependent part and a θ-part implies the Seiberg-Witten differential equations for the fermions.
Introduction
This letter is an extension of ideas of our previous paper [1] to noncommutative fermion fields. We define a noncommutative version of (infinitesimal, rigid) conformal transformations and show that they leave the noncommutative Dirac action invariant. The conformal operators and noncommutative gauge transformations form a Lie algebra (a semidirect product). However, since gauge transformations involve the ⋆-product (and thereby the noncommutative parameter θ) one immediately sees that the individual conformal operators (field-and θ-transformations) commuted with gauge transformations do not close in the above Lie algebra. There exists a certain splitting of the combined conformal operators into new individual components so that the commutator of gauge transformations with them is again a gauge transformation. From this new splitting we derive the Seiberg-Witten differential equations for the fermion fields.
Finally a comment on Lorentz transformations. In general one should distinguish between observer and particle Lorentz (or more general, conformal) transformations, which are inequivalent when one considers background fields equipped with Lorentz indices. In the following we solely refer to 'observer' Lorentz transformations. Please refer to [1] and references therein for further details.
Commutative case
We recall from our previous paper [1] the commutative Ward identity operators of primitive conformal 1 transformations of the gauge field A µ :
The commutative (primitive) conformal transformations of fermions ψ andψ = ψ † γ 0 are given by
where the bracket , indicates the invariant product in spinor space and the trace in colour space. The Dirac action
is invariant under a gauge transformation W G A+ψ;λ with 
3 Noncommutative case
The noncommutative generalization is obvious. The noncommutative conformal transformations of the gauge field [1] and fermions are given by
The noncommutative Dirac action is defined bŷ
are the noncommutative covariant derivatives in the (anti)fundamental representation. The action (16) is invariant under noncommutative gauge transformations
⋆ is the noncommutative covariant derivative in the adjoint representation. Let us first compute the rotational transformation of the action (16). We find:
We must also take the rotational transformation of θ µν into account,
which acts according to 
under the assumption
The complete dilatational transformation of the action (16) is given by
In summary we have
where
The Casimir operators (mass and spin) related to the representation (13), (14) are
is the Pauli-Ljubanski vector. This yields
showing that (13), (14) is a spin- 1 2 representation.
Seiberg-Witten differential equations
As in the bosonic case we derive the Seiberg-Witten differential equations via a covariant splitting of W ? A+ψ+θ
whereby we require (31) to be valid on bothÂ µ andψ. To find the sought for splitting we first apply the ansatz of [1] : 
We write down a covariantization of (13)-(15),
where the covariant coordinates [2] are defined byX µ = x µ + θ 
which yields the Seiberg-Witten differential equations
The differential equation (40) was first found in [3] . The equation (41) was for noncommutative QED to lowest order in θ first obtained in [4] . It follows from the algebra given
